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(54) AbniattHtle 

Ptriynudeotids array fsbrtution 



• (57) A poiynudaatida dsposition systam. e.g. sn adapted inkjat printing sysiem, £s operstsd to deposit an 
array (12, Rg. 1) of polynucleotide containing fluid droplaU on s substrate 14 which wl!i yield potynucieclldt 
spots (16, Rg. 2) of fsspscfiva target kxmtiotwt and dimen$io«s when dry. An infiage is captured of the 
substrate with dried actus! spotSi s.g. vvith camera 38&. The iocatlons er dimensions of the dried setusf spots 
from the image are somparsd with target locations or dimensions. A sigrtai indteatirsg whether m errer 
condition exists may ba gsnerated from the comparison by processor 140. This erf ethod improves th» Quailty 
of the produced arrays by \f\diftmg error* which may arise from vibrations, equipment malfunefions or other 
factora. 
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POLYNUCLEOTIDE ARRAY FABRICATION 



This invention relates to methods and apparatus for Ubriczting arrays 

JO paiiicabrJy galyiwdfeotiile mm as ONA mm. 5sS«:C5ri m diagt5s>siic, 

screening, gene expression analysis, and odier applications. 

Polynucleotide anays (sudi as DNA or RN A anays). axe known and are 
used, for example, as diagnostic or screening tools. Such anays include regions 
(sometimes referenced as spots or features) of usually different sequeaoe 

]5 polynucleotides aiianged in a i^edetennined coofiguiation on a substrate. The 
arrays, when exposed to a sample, will exhibit an observed binding pattern. This 
binding pattern can be detected, for example, by labeling all polynucleotide targets 
(for example, DNA) iathe sample with a suitable label (such as a fluorescent 
compoMJid), and accmtely observing the fluorescence pattern on the amy. 

20 Assuming that the differeot sequence poljrriucleotides were correctly deposited in 
accordance with the predetensuoed configuratiGn. then the observed binding 
pattern will be indicative of the presence and/or concentiation of one or more 
■ polyoacleolide components of die »mpie. 

Biopolymer anays can be fabricated using eiiher in situ synthesis methods 

23 ordeposilionof the previously obtained biopolymers. The in siw synthesis 

methods include those described in US 5,449,754 for syafhssiziag peptide smys, 
as well as WO 98/41 53 i and the refemjces cited thereia for synthesizing 
poiyaucl^tides (specifically, DNA). Such in sita synthesis methods can be 
basically regarded as iterating the sequesicc of depositing droplets oft (a) a 

30 protected monomer onto predetenrused locations on a substrate to lljik with dthsr 
a sdtably ^vated substrate surface (or with a previously deposited deprat^t^ 
monosisr); (b) dsprotsctisg the deposited monom^ so that it caa now met wi& a 



subsequently deposited protected monomer; and (c) depositing another protected 
monomer for linking. Different monomers may be deposited at different regions 
on llie substrate during any one iteration so diat the different regions of the 
completed array will have different desired biopolymer sequences. One or more 

5 intermediate fiother steps may be required in each iteration, such as oxidation and 
washing steps. The deposition methods basically involve depositing biopolymas 
at predetermined locations on a substrate which axe suitably activated such that the 
biopolymers can link thereto. Biopolymers of different sequence may be 
deposited at cUfferent regions of the substrate to yield the completed anay. 

10 Wadiing Of oftteradditidiud Steps t^^^ 

Typical procedures known in the art for deposition of polynucleotides, 
particularly DNA such as whole oligomers or cDNA, are to load a small volume 
of DNA in solution in one or more drop dispensers such as the tip of a pin or in an 
open capillary and, touch the pm or capillary to the surface of the substrate. Such 

I J a procedure is described in US 5,807,522. When the fluid touches the surfece. 
some of the fluid is transferred. The pin or capillary must be washed prior to 
piddng up the next type of DNA for spotting onto die array. This process is 
repeated for many different sequences and, eventually, the desired array is focmed. 
Alternatively, the DNA can be loaded into a drop dispenser in Uie form of an 

20 inkjet head and fired onto the substrate. Such a technique has been described, for 
eKaaipie, ia PCX publications WO 95^51 16 and WO 98/4153 1 , and elsewhere. 
This method has the advantage of non-costact deposition. Still other methods 
include pipetting and positive displacement pumps such as the Biodot equipment 
(available &om BioDoi Inc.. Irvine CA. USA). 

2S In ianay fabrication, the quantities of DNA available for the array are 

usualiy very ^lali and expensive. Sample quantities available for testing are 
usually also very small and it b therefore desirable to simultaneously test the ssnie 
sample against a la;ge number of different probes on an array. These conditions 
rsquine me of arrays with large numbers of very small, cicely spao^ spots. It is 

3a in^portast in such m&ys that spots aetuaSly be present, that they are put down 
accwately In the desired p^tuxn, are of &e conect me, and tiiat die DNA is 
uniformly coated within d% spot 
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It would be useful then, to be aUe to iiAricate airays such that spot cma 
can be readily detected. It would also be useful if, when eirora are present, they 
can be quantified in some aspect (so that tbey can be compensated for duriqg use 
of the amy, for example). It would fufthet be useful if eirors ^ch might have 
5 occuired even following droplet depositioii, could be detected and/or quantified. 



The present invention realizes that many hctots can lead to spot poation 

id enots Gt other spQtttt6n. Vbr otasjple, sr^i dlsplac£si!i«sto iss «xpest«d dmjs 
dispenser posMoi^ relative to !he substrate during ikop dispcmiag, csa resdt . 
feom manufacturing iolei333C$s or vibrations. Also, one or nsoi« dispensers may 
malftmctioffi at some time during their lifetime and dispeBse as abnormaiiy sjoall 
drop or ao drop. Further, the present ijjventioR also realizes that even drops 

I $ coirectly deposited at target losatioBS may move &om those locations before they 
have octBipktciy dried, due to vibralion and possibly varialions in substrate sudace 
hydrophobicity and othst fectors. Any method which only evaluates iocatioiis of 
droplets immediately after depositiaii, could therefore iail to detect the actual Oml 
locations of the dried ^sots. AdditJooally, the present inventioQ also lecogmzes 

20 that it is possible that an operator failed to pmvide the polynucleotide {particularly 
DNA) in the required solution Also, in cases where the polynucleotide is made 
by an amplification reaction (such as the well known PCR amplification 
technique) the technique can. on occasion fiail for various reasons, and a sq»rate 
analysis step would normally be required to confirm success. Use of a method 

25 which only observes locations of droplets immediately after deposition would not 
provide any convenient indication of such qperator or reaction fidlure. 

The present invention then, provides a method for febiicaUng an array of 
polynucleotides on a substrate. The method includes depoating an array of 
polynucleotide containing fhiid droplets on the substtate to provide, wh»i diy.'a 

30 target pattern ofpolyniicleotidecontainirig dried spots. Any device or ^peiatus 
which can be used to deposit droplets in an array can be used as a deposition 
system to accooqtiish this. Ihe target pattern then, is an aim or desdied pattern. A 



sufficient time is allowed to pass such that droplets deposited by the system will 
have dried to yield an actual pattern of dried spots. The actual pattern is tfaea 
observed. That is, at least one cbaiacteristic (such as the presence of dried spots at 
particular locations) of the actual pattern is detennined, such as by capturing an 
- 5 image ofthe substrate with dried actual spots. . The actual pattein is compared 
wiA the target pattern. By this is leferenced (hat the detennioed chanctoistic of 
the actual pattern is compared with the coitesponding characteristic of the taiget 
pattern (for example, the actual presence or absence of dried spots at particular 
locations, is compared with the target locations). A signal may be generated 
10 li^cb is indicative oif a lesiilt 1^ the Mmparison. The target and actual patterns 
may particularly Include target locations and dimensions, and the pattern 
comparison may include comparing dried actual spot locations or dimensions 
from the image, with target locations or dimensions of polynucleotide containing 
spots. 

IS At least some ofthe fluid droplets wall typically contain respective 

different polynucleotides. One or more ofthe polyn ucleotid e fluids may also 
contain a salt A sufficient amount ofthe salt is present to enhance imaging ofthe 
polynucleotide. That is, it is easier to distinguish the presence or absence of a 
polynucleotide in a dried spot, when the salt is present Presence of the salt, 

20 particularly when the jpolynucleotide is DNA, fiwilitates identificatioa of potential 
polynucleotide fluid errors (such as the absence of any DNA due to operator or 
reaction feilure). The polynucleotides may be at least six or ten nucleotides in 
length, or even at least one hundred or one thousand audeotides in length. The. 
poiynucleotldes soay be RNA, DNA (for example, cDN A) or contain a synthetic 

25 backbone as meniioned beiow, and wWle they will typically be single ssanded, 
can also iscli^e double stranded polynucleotides. Ehsring image capture any of a 
number of chmderistics of dried spots may be imaged. For example, light 
scattering chaiscteristics of dried spots may be imaged such as by using visible or 
other U0ii, or Huor^ceace chajactoisdcs of dried spots may be imsg^. 

30 In a lyplcaloperstioD, the deposition system is operated to &brirate 

multiple ^lynudeotide anays on different subs^stes or on a same substrate. The 
pment invention also contemplates, v^hm die results of one or more comparisons 



for an amy exceed a predetennined toleiaoce, slorisg m error indication in 
association with that amor. An enor indication (sometimes leferenced as '*e(m- 
data") may simply be an indication of some etror (for example, that a particular 
spot is mis-positionc(0 or could include an indication of the magnitude of the error 

5 (for example, the actual location of a mis-positioned spot). This error indication 
can be used in a number of ways. For example, it may be used to reject the 
associated amy. In this way, a low enor rate is maintained in aiiays eventually 
provided to end users. The error indication could be written on a medium, and 
the medium physicidly associated with the array. Alternatively, only an 

10 identificaidon of iihe associated array could be provid^^ i his can 

be done by writing an identification of tiie enor on a medium (in human and/or 
machine readable diaracters) and physically associating the medium with the 
aiiay. The identification would also be stored in a memory with the 
coirespontting enor indication. In this manner, a user of the array could later 

1 S retrieve the error indication fituu the memory using the written identification on 
the medium assodated with the array. Additionally, or alternatively, the method 
can additionally include, yUxok the results of one or more comparisons Sir an amy 
exceed a predeteimincd tolerance indicating an error condition, automatically 
halting further operation of the deposition system and generating a visible or 

20 audible operator aleit This can allow for operator inspection and correction of the 
Sffor source, and can avoid reproducing more anays with unacceptable errors. 
Aitematively or additionally, this also can allew cosrecUng at least some of 
errors on arrays already fabricated (for example, if a given pulse jet has ^ed to 
fire or mis-fured. another pulse Jet may be used to con^y deposit a droplet). 

2S In the case where ^ Hidd dispensing head has multipie drop dispensers, 

and multiple em>r indli^ons are generated (either for a ssms ssrsy ot for 
differest ansys), tiie method can additionally iacitJde evaluating if a same drop 
dispenser is respoasible. If the evaluation readt indicate the ssma drop dispsisser 
may be respsosible, a visible (sueh as on a CSLT) or audible (such as voice 

30 syatbesis^) operator slett &a be gesoated which include m insUc^on @f the 
rsspotssibis drop di^senser. This isdicatios can. for example, be a dk%ct 
iodicstioa of the re^sonsible drop di^s^ser (for exan^le, in the form of ^ 



physical location ofthere^isible drop dtspeaser). Anopesatorcaausetkis 
infonsalion, for exampie, Vn evaluate "wh^ar ihe head mtSs replacing or to cteck 
whether a solution prelected to fee dispensed by &at dispsnser h Is mer (for 
atampie, by Ihe polynucleotide coocefitration being subslaatlaliy mt^omQU 

S mdudkg the possibility of oo i^lynucleotide being preseot). AltensBtiveiy, it 
tmy be an uidim:! mdicstloa by suggesting that the preselected solution to be 
dispensed by that dispej^es ffiay be ia «ror. 

In the esse where the dispensing bead has multiple drop dispensers and the 
deposition system includes a contoot processor, the control processor may direct 

10 landing of the dispeoiscrs b a pattmi in which al least some of the dispcmas are 
loaded with the same fluid. For example, each set of two or six j^speasets oa a 
head -vrith multiple such sets, could be loaded with the same fluid. la this 
situation, when multipie error injOratioas are geaerated, the control processor 
compares a pattern of error iadlcstions with the loading pattern of the dispensers. 

1 5 From this, ihc processor caa evaluate whether one or more drop dispensers or an 
eiror in a polynucleotide containing flwd is responable for the error indications. 
For example, tf the processor detennines that there are repealed errors fiom the 
same drop dispenser of a set loaded with the same fluid while not from other 
members of the set, this can be taken as an indication that diere is a potentid drop 

20 dispenser error in the form of a malfunction of the.paxticular drop dispenser. On 
the odier hand, if there are repeated errors from all members of a set loaded with 
the same fluid, this can be taken as an indication that there is a potential ctror in 
the iOuid (for example, it does sot contain polynucleotide of the expected 
concentration). 

2S When an evaluation ofmultiple error mdications indicates that a same drop 

dispenser in a multiple drop dispenser head may be responsible (that is, it is 
suspect), the method may include altering an initial deposition pattern from &e 
head (such as may have been formulated or accessed by a control processor) such 
that the suspect drop dispenser is not used. Hie target anay pattern can still be 

30 obtained by using the another dispenser in the head to perform tiw deposition 
previously required by the su^iect dispenser, whetier during a same pass over the 
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substrate on which the suspect dispenser would have dispensed droplets, or 
whether or an additional pass. 

The present invention fiother provides apparatus which can execute any of 
the methods of the present invention. In one aspect, an apparatus of the present 

5 invention for fabricating an anay of polynucleotides on a substrate, indudss a 
polynucleodde deposition system as already mentioned. An imaging system is 
provided to capture the image of the actual pattern. An imaging system can 
include any system which can provide spatial infonuation as to the location or 
other characterictics (such as size) of drops (whether dried or in liquid form, 

10 depeoidihi^ A processor controls 

the deposition system to deposit the array of droplets and, after a predeteimioed 
time has elapsed for drying of the droplets to yield the actual pattern, causes the 
imaging system to capture an image oftbe actual pattern. The processor executes 
the comparison of die actual and target patterns. The dqjosition system may 

15 include a head having multiple jets each of wdiich can dispense droplets of a fluid 
onto a substrate. Each jet includes a chamber with an orifice, and includes an 
ejector which, when activated, causes a droplet to be ejected from the orifice. 

The processor may be configured to cause the remainder of the apparatus 
to execute any of the steps required by the any of the methods of the present 

20 invention. These include any of: operating the deposition system to deposit 

multiple polynucleotide arrays; causing the ima^ng system to capture one or more 
images of such arrays; perfomung the comparison step for such anays; operating 
the dqxssition system to correct for any detected errors; automatically hailing 
further operation of &e deposition system upon multiple en-or indicatioos; 

2 J geaeraiiog my of lh& opaator alerts on the ou^ut device; evaluating drop 
di^^enser and poiyaucicotide cont^fung &M mors m^fiicned above; and 
altering die Imtial disi^nsing pattern. 

The present invention Piths' provides a kit having a substrate canyisg an 
aiTBy of blolopeal Bioieti^ such m polyaucleotidesv The kit siso taeWes a 

30 medium canyisg mor data desenblag one or more enors in the anay. l^e 
medium may partieularly be a machine ssad^le medliun (such as a computer 
readable optical or magseUc disk, tape or o&er medium). 



Appantlis and methods of the present invention caa optionally be used to 
fiibricate anays of other moieties, such as nucleotide monomers (as may be used 
in the in sltu^octss for foiming polynucleotide arrays) or piotetos. Furthennore, 
the error indicatioa and any subsequent steps acting on one or more enor 
indications (including correcting by a remote user), may alternatively be used with 
other means of detecting spot location (such as imaging deposited liquid droplets). 
However, for reasons discussed iwrein, it is preferred that one or more images of 
actual dried spots be used. 

The present invention then. fUrther provides in another aspect, a meQipd of 
fabribadng ah addressable array of bbpol^'er probes on a substrate according to 
a target amy pattern, using a dqx)sition apparatus. The deposition qiparatus, 
when operated according to a target drive panem based on nominal operating 
parameters of the apparatus, provides the probes on the substrate in the target 
array pattern. .The method includes examining at least one operating parameter of 
the apparatus for an error from a nominal value whidt error wrill result in use of 
the target drive pattern producmg a discrepancy between the target array pattern 
and an actual array pattern deposited. When an error is detected, a corrected drive 
pattern difTeient from the target drive pattern is derived, based on the enor, such 
^t use of the corrected drive pattern results in a reduced discrepancy between the 
target and actual array patterns. This method may, for example, be applied to the 
case where less than all the features on a same substrate (wiiether in multiple 
arrays or just one an amy) are affected by a particular discrepancy between the 
target amy pattern and an actual amy pattem dqiosited. 

The method may also include open^ing the deposition apparatus according 
to the conected drive pattern. Furtheraiore, the present invention can be used to 
deposit difierent types of biopolymers or even other dll^ient cKetmcal mdeties, 
including peptides and polynucleotides such as DMA or RNA. Thus, various 
additional embodiments of the invention can be described by replacing 
biopolymer probes in the di^riptions heiem, with mole^es. The target drive 
ptiem caa smtlaBy be saved in & memory of &s dqjositioa ^sparass, and the 
CQftected drive patters ^so optionally be saved in the memory (for example, 
either shet or dvsing its derivation). In one particular constnicticm, the dq»Qsition 



apparatus includes a dispensing bead to di^nse fluid droplets containing tlie 
probes or probe precursors (for example, monraieis), and a transport system to 
move at least one of the dispensing head and substrate relative to the other as iht 
droplets are dispensed from the head, so as to form the aicay. In tins case, the 

S drive pattern oontrok operation of the tmospoit system. The saving of the 
collected drive pattern may, for example, be done prior to operaUng the 
dispensing apparatus. As an alternative; the corrected drive pattern may be 
derived by modifying, based on the detected error, instroctions to at least one 
deposition apparatus component based on the target drive paitetn during 

10 ieiM>iidtiC«i of ^ 

the target drive pattern may be sent to the foregoing dspeosing head but that 
instnictioa is modified, before actually driving the bead in some manner, based on 
the detected mor. In this anangement dien, the corrected drive pattern is derived 
during apparatus operation. 

15 The at least one operating parameter can be selected fiom one or more of 

any parameter v^chvwuld affect tiie actual amy pa^^ For 
example, these may include: a position of the dispensing head or any other 
dispensing apparatus component; the accuracy of an encoder used to detect the 
position of the dispensing head or the substrate; the accuracy in an ability of the 

20 transmit ^siem to ssove the substrate or head to ^eqse^d location in response 
to a comixsand (for example, deviation of actual movement &om a corre^ndisg 
nominaj axis of movement); or the position of a position of a nozzle in a muitipie 
noEzle dispensing head. Note that "position" includes linear position ss well as 
orientation of one component with r^iect to the other, and may be m absolute or 

25 relative qi^tity (for ex^ple, fee position of a dispensing jei in the head relative 
t© another jet in that head, or relative to the substrate). Thus, position inclisdes the 
orientation of a dispenser (v/hich, in the rase of a pulse jei, corresponds to the 
ti^'ectory of the pulse jet). Paiamet^ can be directly ^mined (such ^ by 
examining movem^t of die transit sy^^ or ao2^e), or indirectly examined 

33 (such as by exanamag die actual i^ts fiom pre^ous dq)03iiions of the 

appamus and comparing with expected rosuits). Sudi ex^natios can be made 
during fonimtioa of a givea arrs^, or obtained during (or ^m) preview 
-9- 



depGsidons froni the appamtus, for minple either test depositions (ssmetiines 
reference as "t^ ptkts") or a pfevious array deposition (such as an immediately 
preceding array deposition). 

Another aspect of the nsethod of the present invention, the target drive 
pattern is stored in a rnemoiy of &e dqjosiiion apparatus, and when an error from 
a nominal value exists in at least one opoating parameter, a corrected drive 
pattern is derived from the target drive pattern such that use of the corrected drive - 
pattem results in a reduced discrepancy between tibe target and actual array 
patterns. 

The present invention also provides an apparatus Which, in one or more 
aspects, may be of a type described in connection with any of the above methods. 
Such an apparatus mcludes, in one aspect, a sensor which senses at least one 
operating parameter for an enor from a nominal value whidi error will result in 
use of the target drive pattem producing a discrepancy between the target anay 
pattern and an actual array pattem deposited. Tlus apparatus also includes a 
processor which, when an error is detected by the sensor derives, based on the 
error, a corrected drive pattem different from the target drive pattem such that use 
of the conccted drive pattem results in a reduced discrepancy between the target 
and actual array pattens. 

The apparatus may also include a memory accessible by the processor to 
save the target drive pattern, and wherein the processor, when no oror is detected, 
causes the apparatus to operate in accordance with the target drive pattern. The 
processor may further optionally save a concerted drive pattern in the memory. 
Alternatively, the processor may derive the corrected drive pattem during 
deposition of the probes to form the array, by modifying, based on the detected 
enor, instructions to at least one apparatus component based on the target drive 
pattern, as mentioned above. The apparatus may further include a dispensing head 
and a traiisport system controlled by the processor, as already described. Various 
parameters are also described above. 

In another aspect, the apparatus includes a memory to store a target drive 
pattern based on nonUna] opening parameters of the tppaiatos to provide the 
probes on the substrate in the target array pattern. This of the sppaiataiS 



also includes a processor to icceive an error indicatton of the type already 
described, and to derive the conected drive pattern. 

llie present invention further provides a computer program product 
can be used on one or more of die apparatus types already described. This 

5 computer program product includes B computer readable storage medium having a 
computer program stored on it which, when loaded into a computer, instructs the 
- processor to execute die steps described above. 

The method, apparatus, and Idts of the present invention can provide any 
one or more of a number of useful benefits. For example, if an em»r (such as no 

to spot deposition or a spot placemem error) is found, the deposition system can re- 
work the array during die manu&cturing process (for example, by using another 
jet to deposit a spot at a location where an enor in the form of no spot was found). 
Also, when an anay is manufactured with an error (sudi as spot location or 
polynucleotide concentration error), diis can be identified by the present methods 

IS and apparatus, sufficiently well such diat its presence can be compensated for 
during manufacture or use of the array if deared. Polynucleotide containing 
solutions which also contain a salt (such as a buflfer) are particularly readily 
distinguished fiom such solutions in wdtich no or little polynucleotide is present, 
further aiding in evaluating die presence and type of enor. Arrays can also be 

20 fabricated with an actual array pattern which is close to the target array pattern. 
Further, the invention is relatively reliable and not overty costly. 

A number of preferred embodiments of die invention will now be described 
with reference to die accompanying drawings, in which:- 

25 FIG. lis 3 perspective view of a substrate bearing midtiple arrays, as may 

be produced by a method and apparatus of the present inveatioi^ 

FIG. 2 is an eiilarged view of a ^rtion of FIG. 1 showing some of the 

identifiable iadividual regioxjs of a sin^ array of FiG. i; 

FIG. 3 is as3 gnlaif ed cross-s«tioa of a porliiMi of FIG. 2; 
30 FlG.4isasch£aialicvi£Wof^pars^ofd^p!«seatlaveBdon: 

PIG. S is an enlarged cross>section of a loading stadoo of the apparatus of 

no. 4; 
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FIGS. 6-S illustrate various anangemenls on imaging system components 
in the appaxvOm of FIG. 4; 

FIG. 9 is an enlarged schematic plan view of dried spots of an anay to 
illustrate how pattern evaluation can provide an indication of errors; 
5 FIGS. 10-13 are enlarged photographs of dried spots of actual arrays with 

various ONA concentrations; 

FIG. 14 is a photograph rimilar to that of FIGS. 1 0-13 and illustrating the 
effecl of having a salt ptcsent; 

FIG. 1 S is another apparatus of the present invention, similar to that of 

10 F10.4; 

FIG. 16 is a flowchflit illustrating a method of the present invention; and 
FIG. 17 throu^ 19 are memory images illustrating the oporation of a 
method of the present invention. 

To facilitate understanding, identical reference numerals have been used, 
13 where practical, to designate identical elements that are common to the figures. 



In the present application, unless a coa&ary intention appeax^ the 

20 following terms refer to the indicated duvacteristics. A "biopolymer" is a 
polynserof one or more types of repeating units. Biopoiymers are found in 
biological systems and particularly include peptides or polynucleotides, as well as 
such compounds composed of or containing emiao acid or nucleotide analop or 
non-nucleotide groups. This includes polynucleotides in which the conventional 

2J backbone has been replaced with a noa-oaturaJly occumng or synthetic backbone, 
and nucleic acids in whidi one or more of the conventional bases has been 
replaced with a synthetic base capable of pa?ticipatiiig in Watson-Criek type 
hydrogen bonding interactions. Pelynycleotides wiefude single ©r multiple 
suanded configuraiions, where one or more of the strands may or may not fee 

30 completely aligned with another. A "nucleotide** refers to a subunit of a nucleic 
acid and has a plwsphate group, a S carbon sugar and a nittogen containing t^ise, 
as well as analogs of such subuniis. Such analop include flmctional analogs 
(whether synthetic or naturally occuniag) of such sub-iaiits which is the polymer 
foim (as & polynucleotide) can hybridi^ vMi islurally occuiring polynucl^tidss 

35 In a sequence specific manner analogous to that of two naturaily oceunisg 
polynucleotides. For exanyle, these include the suiMmiu of PNA and other 
polynucleotide as describe in US S,94S,9C^ and lefemices cited diereio (all of 
w^ch are iscoipoiated !^ia by reference), regardless of the source. 
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SpecificaJly, a'^opcAymmf Indudes DNA (lnc]udisg cDNA),.RNA asd 
oUgoQUslei^da. An "oHgosiucleotide" generally refes to s nucleotide muldmer 
©f about 10 to 100 nucleotides In kngSh, while a "polyaucieotide'' includes a 
nuc!eodde raultimer havisg amy aissjibef of nucleotides. A "bionsojiOBter" 

5 references a single mit. vi^ch cm b^ liijked ^th fl^e same or otbeif blomoiiomeis 
to form a biopolymcr (for exM^Ift, a asjgk anano acid os ntacSeotide wth tw© 
Imkmg ^ups one or boUs of wkch saay have removable protectkg gres^is). A 
bioffionomef Suid or foi«poly«Jsr Susd jsfer«ace a liquid eostaiiiixsg dtlser & 
blormnom&t or biop«jtymgr, i?e^>ecj|veiy (typically in solution). An "anay", 

10 unim a contrary tatmtsoa appem. jialudes amy one or two dimeasiojiai 
arrangement of discrete rspom bearisg particuiaf.biopolyaier moieties (for 
example, di£ter«Qt polynuckotide sequences) associa^ with that regtoa It will 
also be appreciated titat thmu^ut preseat appHcadon, words such as "vj^per", 
"lowtr^ x'vS^<y? -^^J-'tb ^- % to & 5>as1icMlar oneJimiosi of the appmim 

15 wifli respect to gravity, but it v«a be andeistood that other opcratuig orietttatums 
. of the apparatus or any of its cosspoaeots, with respect to gravity, are: possible. 
Refierence to a "droplet** b<Mt^dlsp<aased torn a pulse jet hetein, mei«]y fe&t$1o a 
discrete small quantity of ftt^ (vevdEly less than about 1000 pL) being £spei)«d 
upon a single pulse of {nds* jiet (inHxcspondinje to a single aclivatian of iiEt 

20 ejector) and does iu>t requirB aog^ puticular shape of this discrete quantity:. When 
a "spot" is referred to. this magr reference a dried spot on (he substrate iciiti)^ 
from drying of a dispensed dtof;^ or a wet spot on the substrate tesulting fiWAii a 
dispensed droplet which has not yet dried, depending upon the context. **iFliujd" is 
used herein to reference a liquid. 3y one item being 'Vemote" fiom another is 

25 referenced that they are at least is dilfe^t buildings, and may be at least one, at 
least tea, or at least one hundred mHes apart 

Referring first to FIGS. 3>3, ^ically die present invention will produce 

multiple identical miys 12 (only some of which are shown in FIG. 1) across the 

complete surface of a single substrate 14. However, the arrays 12 produced on a 

30 given substrate need not be identical and some or all could be Cerent Each 
array 12 will contain multiple spots or regions 16 oo a €K>nt aide 11a of substrate 
14. A typical army 12 may eontabi from 100 to 100,000 regions. All of the 
' regions 16 may be different, or some or all could be die same. Each region carries 
a predetermined polynucleotide having a particular sequence, or a predetemiined 

3S mixture of polynucleotides. This is illustrated schematically in FIG. 3 where 
regions 16 inre shown as carrying different polynucleotide sequences. 

Referring to FIG. 4 the apparatus includes a substrate s&adon 20 on 
which can be mounted a substrate 14. In FIG. 4 a mounted substrate is identified 
as substxate 1 4a, while c substrate which was preyioosly mounted on substiate 

40 station 20 b identified as std)Strate 14b (both of these being geaedcally identified 
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as a su1>strate 14, and substrate 14b having been cut as mentioned below). 
Substrate station 20 can include a vacuum chuck connected to a suitable vacuum 
source (not shown) to retain a substnle 1 4 without exerting too much pressure 
thereoD, since substrate 14 is Qj|^ made of glass. A load station 30 is spiaA 

5 ajMut from substrate station 20: Load station 30 can be of any construction n^th 
re^ns which can retain small volumes of diflEsrent fluids for loading into head 
210. For example, it may be a glass sur&ce with different bydrophobic and 
hydrophilic regions to retain (Kfferent drops thereon in the hydiophilic vegioas. 
Alternatively, a flexible microtitre plate coujd be used. In the drawings load 

10 station 30 has an upper suriiice with small notches 32 to assist in letaiiiing 
multiple individual drops of a biopolymer fluid on that surface. The number of 
notches 32 or other regions for retaining drops of diffeient Quids, is at least equal 
to (and can be greater than) the number of reservoir chambers in a printer head 
210, and are spaced to align with orifices 214 in head 210. 

IS A diiqjensing head 2 10 is retained by a head retainer 208. Head 210 can be 

positioned to face any one of loading station 30 or substrate station 20 by a 
positioning systeio. The positioning system includes a carriage 62 connected to 
each of the foregoing stations, a transporter 60 coiitroUed by processor 140 
through Une 66, and a second transponeir 100 controlled by processor 140 through 

20 line 1 06. Transporter 60 and carriage 62 are used execute one axispositioning of 
either of the stations 20 or 30. facing the dispensing head 2 1 0 by moving them in 
the direcdon of antow 63, while transporter 100 is used to provide two aMS 
adjustment of the position of head 210 in a vertical direction 202 or in the 
' direction 204. Further, once substrate station.20 has been positioned facing head 

25 210, the positioning will be used to scan head 208 across a mounted substrate 1 4, 
Really line by line (although other scanning configurations could be used). 
However, it will be appreciated that bodi traaispoiters 60 and 100, or either one of 
them, with suitable construction, can be used to perform any necessary positioning 
Onciudiog the foregoing scanning of head 210 with respect to ai^ of the stations. 

30 Thus, when the present application recites "positioning" one element (such as 
head 2 1 0) in relation to another element (such as one of the stations 20. or 30) it 
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-mil be «mderstood f^ my ffiquimi soovmg can be aceompHshed by moving 
eitherel^ent or aeoiabmatioa of both of them. 

Head retaker 20S, and hence head 210, inay conaaanicale with a loises of 
purgiog fluid (not shown) and suitable eostrolled pressure sources. Furthmsoie, 

S ft purging station md a eieaning station may be provided to dean both inside and 
outside head 210. Head210isay beofatypeatminonlyissedinasinkjeitypeQf 
printer and may, for example, have one hxsadred fifty drop diqKnsfcg odSces in 
each of two pasdiei raws, six ctombess fcs hoJdisg polynucleotide solution 
commuaicaliRg with the three hundred orifices, aad Uiree hmsksd eiectcra v^di 

10 arepositto»6<iiiatiMchMnbmo|>positea Each ejector is ia 

the fojm of as electricai resistof oiserating as a heating element mdei control of 
processor 140 (although piezoelectric elements could be used instead). Each 
orifice with its associated ejector and portioa of the chamber, defines a 
conxspcsading pulse jet Thus, thefc are three hundred pulse jets in this 

15 coiifiguratjon, although it wi!I be appreciated that head 210 could, for example, 
have more or less pulse jets dessxtd (for ocample, at least ten or at least one 
hundred pulse jets). In this manner, application of a single electric pulse to an 
ejector causes a droplet to me dispensed from a corresponding orifice. Is the 
foregoing configuratioa, typically about twenty orifices ui each group of sbt 

20 reservoirs (many of the orifices are unused aad Brs plugged with gte), will he 
dispensing the same fluid. Cettaan elements of the head 2! 0 can be adapted ftam 
pam of s commetciaity available thomal inlget pnat bead device available from 
Hewlett-Packard Co. as part no. HPS 1 645A. 

As is well known in the ink jet print art, the amoimt of fluid that is 

2$ expelled in a single activation event of a pulse jet, can be controlled by changing 
one or more of a number of parameters, including the orifice diameter, the orifice 
length (thickness of the orifice member at the erilice), the size of the deposition 
chamber, and the size of the heatuig element, among others. The ^ount of fluid 
that is expelled during a single aetivatioa eve:^ is ga^raily is the range about 0.1 

30 to 1 030 pL,us«udfy about 0.S to 500 pL and more usually about 1.0i»>2S0pLA 
typical velocity at which the SxM is aq>e]led fiom the chamber is more than about 
i ffl/s, usually more than about !Qib/s, and may be as p«at as about ^m/s or 
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greater. As will be appreciated, if the orifice is in motion with reflect to the . 
receiving sinftce at the time an qector is activated, the actual site of deposition of 
the material will not be the location that is at the moment of activation in a line^f- 
sight relaiioo to the orifice, but will be a location that is predictable for the given 

S distances and velocities. 

The sizes of the spots can have widths (that is, diameter, for a round spot) 
in the range from a minimum of about 1 0 pm to a maximum of about 1.0.cm. In 
embodiments vihm very small spot sizes or feature sizes are desired, material can 
be deposited according to the inyeiriron in matt sjpMi whose vMih is in the range 

10 about 1 .0 |un to 1.0 mm, iisuali/ about 5.0 pm to 500 pm, and more usually about 
10 pm to 200 |un. 

The apparatus further includes an inspection station having an imaging 
system which includes a camera 300 to capture one or more images of a substrate 
14 on substrate station 20 and on which the deposit droplets have dried to fbnn 

15 spots. Camera 300 is mounted for movement with head retainer 208 (and hence 
head 300) to facilitate image capture across the entire substrate 14 although a 
suitable camera 300 could be located in a fixed position if desired. However, 
since high resolution images are required fiom camera 300, and since a typical 
substrate may be about 12" by 12", camera 300 will not likely be able to yield 

20 images of the roqiured resolution of all arrays 12 on a given substrate 14 
simultaneously. Thus, ptecision movement of camera 300 will be required. 
Mounting camera 30O for movement with bead 210 takes advantage of the 
precision movement already provided by transporter 100. Of course, the light 
sensor of a camera could potentially be mounted elsewhere, with a light receiving 

2S element (such as a mirror} mounted for movement with head 2 1 0 and arranged to 
direct light to the sensor (using odicx moving and/or stationary mirrors, for 
example). Any suitable analog or digital image capture device (including a line 1^ 
line scanner) can be used as camera 300, although if an analog camera is used 
processor 300 should include a suitable analog/digital converter, and further more 

30 than one camera can be used if de»i^ A writer in the form ofdi^ drive 320 is 
also provide along mth a pmtet 350, di^lay 310, speaker 3 14, and operator 
input device 3 12. Writer 320 may be an optied or magnetic writer {for example, a 



aod caa have either been input fiom an api»t}priate source (such as a poitabie 
magnetic or optical medium, or fipom a remote server), or may have been 
detenmned by processor 140 based upon die target spot pattern and the pulse jet 
coofiguraiion of head 210. Further, it will be assumed that drops of different 

5 UomoDomer or Copolymer contaiiung fluids (or other fluids) have been placed at 
respective regions of loading station 30 (such as the wells of the titer plate 
menttoaed ^«viously, or notches 32). Hus placment can be wcompUshed by 
manual or automated pipettiog, or spotting of drops onto loading station 30 using 
glass rods, which ate of a volunie ie«ulf«l t© Im^ aM of tfie pulse jeti. The 

>o pkcemm pattern oa notches 32 caa be deienniaed from the opmtofs knowledge 
or determined by processor 140 which co^sld control an automated ^tting system 
or.Gould provide an operator with appropdate instnietions on display 3 10 in the 
case of manual spotting. Operation of the following sequences are controlled by 
processor 140, following iiutial operator activation, unless a contrary in<Ucation 

IS a|H>ears. 

For any given substrate 14, the opeiatioR is basically follows: 0) load 
21 0 vdth a Sist set of polyaucl^tide coat^rung solutions (for exanmile, a 
given head raay be able to bold n different metnbm); (ii) dispense droplets from 
bead 210 oato substrate 14 or a setof sjbstrat^ in a mamie; which is expected to 

20 provide the target pattern for the first set on each of mvsltipk arraysj and (tii) 

repeat the foregoing sequsice starting at step (i) with a second set and subsequent 
sets of polynucleodde conialalng solutions, u&dl aJi requlml solutions have been 
dispensed onto substrate 14 (for example, if each array has m rt members, the 
sequence will b& jepeated m ^mss). la^jectioR by capturiag one or more toages 

23 and perfomdng the comparisori, caa be carried out at altoiate or multiple times in 
the f^egoisg procedure, as desired. For esample, an iisspeellosi could be 
performed on after step (ii) in each cycle. Preferably, ail anays on a givoi 
st^s&ale 14 hav$ been b^pected bsfore ^^ing to aa end user. Ibe foregoing 
steps are discussed In more dstail below. 

36 Dimng the loading sequ^ce of h^ 2 10, processor 140 directs 

positioning ^stem to position bead 2iG facing ioadii^ station 30 wiUi tite orifiw 
aligned, feeing, and sdjacent to appropriate icspeedve drops ea loading station 30. 
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spots or a refeicnce position on the substnte, or that the spot has an incorrect area 
of a detenniaed value. It should be noted at this point that indications on spots 
considered acceptable may optionally also be stored, such that memory 141 
contains a complete actual pattern (that is a "map") of all actual spots of each 
5 array. In eifect (hen. memoiy 14 1 will contain an error map for all spots, although 
this map may optionally also contain information on all spots considered 
acceptable. 

A substrate such as 14b is then typcally (but need not be) cut into a 
desired aurnber of pieces by a cutter ISO (which may be manually or 

10 automatically operated), with separated sections each caxiying one or more arrays 
(such as section 15) then being directed into respective packages (sudi as package 
340) for deliveiy to a remote customer. 

The above sequence can be repeated as desired for multiple substrates 14 
in turn. During any sequence, after ci^tuiing an image of an actual pattem on 

IS each array on a substrate 14, and comparing the actual spot pattern with the target 
pattern (in particular actual spot locations or dimensions with target locations or 
dimensions), processor 140 may respond in any of the ways discussed below. 

Processor 140 can be programmed to respond in any of a number of ways 
10 errors. This response can either be pre-programmed into processor 140 as the 

20 way it will respond, or a number of different response optioiis can be presented to 
an operator on display 3 1 0 to select an operator desired one by means of input 
device 312. In a particular implementation, processor 140 can operate with first 
and second level error tests. First level enors can be considered enors which ■ 
fall within the predeteimined tolerances. Second level errors can be considered to 

2S occur when a predeteimined number of spots in an array (such as one or more or 
ten or more) have errors exceeding one or more tolerances by a predeteimined 
amount For example, second level enois may be considensd to occur when a 
large number of ^ts in an array have any eixors. or when a smaller number of 
spots have errors n^ch exceed the tolerance by a preddermiaed amount la this 

30 implementation first level errors can be ones which are considered "acceptable" in 
that the associ^ anay (or at least some airays on a same substrate) is stiU useful, 
while second level errors ait consider^ so severe as to require tiie array not be 
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used (Ssat is, that it fea rsjected). la the case of first level eirois for one or snore 
mxys Qn a substrate 14, processor HO cast cause m idsstificatlsn @f &€se sntfis 
to be wriftea by drive 320 mto portable storage medium 324. Aheraatively or 
additionally, an identifis^oa of these errors can be Written by printer 350 onto a 

3 meditm in the form of a pi^jer sheet 354 in cither msdbine readaWe characters {for 
example, bar codes) or is hmnm readable djsracters (for exampie, sSphaasassric 
Of other charactm). These ideatlfiea^M may contain the actual data sp^jfyiog 
the spot error types ajid their Hiagnitisdes. Ajteraatively, these Idefttifl^tiQas asay 
be uaique arbitrary ident»B<S8»ii»«i» generated by pioee&sor 140 asd stored in 

1 0 memory 141 in association witlilfae actual enor map, so that the actual error map 
can be retrieved (such as ficom a (emote computer over a cominunication line, as 
meatioaed below) from memory 141 by an end user of the arrays using the 
identifications. The medium on ^ch the identifications are written, can be 
physically asmiated with the corresponding arrays on a section such as section 

IS 15, by packaging each array and any such medium together as a single package 
340. For example, paper sheet 354 may be adhesive to allow its attachment to the 
back of a substrate 14. Where a substrate 14 provided to a user carries multiple 
arrays I2,.the medium will carry an identification of the array with i^cb it is 
associated (for example, by leference to an array location or number). 

20 . Oa a second level enor, processor 140 can be programmed to direct 

theassociatedarray berqectedsotfaatitcaruiotbeusedby anenduser. Thiscaa 
be done in a number of ways. For example, processor 140 can direct an operator 
to manually reject "such an identified array by displaying instructions on display 
3 10 or providing them over speaker 3 14. The operator can reject the array by, for 

2S example, ^spodng of an entiie substiate wch as substrate 14b. bearing the 

rejected array. Alternatively, if automated equipment is used to handle stibstrates 
14 and direct them into respective packages such as package 340, processor 140 
can direct an individual rqected array or an entire substrate 14 carrying such an 
array into a trash bin. If individual arrays and respective pordoos of substrate 14 

30 are separated (such as by cutting by cutter ISO) into 8ections'(8»u^ as sectitm IS) 
carrying one or more arn^, processor 14 n^res an identificatioa 4^ any arrays 
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baviog second level errois md tracks their position md, foUowIng separatlos^ 
directs the pieces carrying those aitays into s trash bis. 

In addition on a second level error or, if desired by an ©pssator 
(such as by sel®ctioR sn s«j|sirt device 312 based oa a seleelioa sereea shovm on 

5 display 3 10) ofl my selected enor, operation of the apparatus cm be asitoraatsealSy 
halted and a visible ei audible opeiator alert generated on display 3 1 0 or speate 
3 14. This alert can Include m idcntificalion of tht error type and its msgmtude. 

When multiple errors occur in the same or different eirays, 
proc^sor 140 may be abSe to evaluate the the- esror. Processor !40 caa - 

10 acconjpSlsh this evaluation using the actual spot pattens, particularly when 
compared with the pattern in vMdi head 2 10 was loaded vvith polynucleotide 
containing fluids. This process caa be beSer tmderstood by reference to FIG. 9. 
The following convention will be used to identify particular spots in each of FIGS. 
9 throi^b 13. In particular each anay portion illustrated is assigned row aumb«s 

15 (beginning with V*) and coliunn numbers (bcginniog with '*c"). An identification 
of any one spot will include the FIG. number followed by the row and column 
number. For example, spot Itia in FIG. 9 is ideiitified as 9r3e2. 

Referring to FIG. 9, ^H^solidi circles of different 
actual dried spots 16 as ku^ be seen in an image captured by camera 300. This 

20 anay portion was fomted&om drops deposited by a hypothetical head having ^wo 
rows of eight puiss jets each, in a single pass from left to right as viewed in FIG. 
9. Thus, in this simple case, columns cl and c2 were foimed by deposition from 
corresponding pulsejets in such a head. Similarly, columns c3 and c4 were 
formed by subsequent depositions from those same corresponding pulse jets after 

25 movement of the head to the right in FIG. 9. Further movement and operation of 
the head deposited drq>5 foimmg spots 1 6 in columns c5 and c6. This head was 
previously loaded to a pattern such that each pair of adjacent pulsejets in a 
columnar direction in FIG. 9, had the same solution. Thus, 9rlc] and 
9i2el should have the same cDNA. Similarly die members of the following pairs, 

30 for example, will each have the sante cDN A (allhou^ fwh psk riiay have cDHA 
diSewnt fiom my other pair): ^cl/9t6cl; 9r7cl/9rS6l: 9rl«2/9i2e2; 
9r3c2/9i4c2; 9f5c2/9i&2; 9rScS/9t6cS; 9r?eS/9rScS; and so on. 
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In FIG. 9, all of the spots i 6 me in their iaigsi positioc! fonning s 
legular rectangular luray, with the excqjtion of spot 9t4c 1 (also idesstified as spot 
1 6b). Processor i40, by son^wing the miisi dried spot paltsm with the targe! 
pattern, mO detennine that spot 9i4cl is displaced from its target position 1 7 . 

5 (mdicatcsd by the broken line circle in FIO. 9), and can calculate ttie magnitude 
^eluding direction) of the di^lacement This displacement will be assumed to 
be a displacement which exceeds a predetennined position tolerance, and so spot 
16b bias a displacement enor. On the other hand, a number oftfae actual spots 16 
(such as spots 9i2cl, 9r7cl, 9r8cl. 9i2c7. and others) have a total area vAuch is 

10 substantiaUy less than the target area (as represented by, for example, ^t 16a). 
These areas will be assumed to be different fiom a target area by an amount which 
exceeds a predetermined area toleiance, and so such spots have area errors. 

Processor 140 can now attempt to evaluate the cause of the enois 
by examining the error pattern in the dried ^ts along with the load pattem of the 

15 bead, as needed. For example, spot 9r4cl was dqmsited by the same pulse jet as 
spots i4c3 and r4c5 which do not have any emns. Thus, based on this portion of 
the airay in any event (and a larger portion may provide an alternate indication) it 
can probably safely be assumed that the enor in spot 9r4cl was caused by a 
random &ctor (for example,.a vibration). On the other band, each of spots 9r2cr, 

20 9r2c3 and 9r2cS exhibit an area enor. This could be a pulse jet enor or, as 

explained below, the small spot size could have been caused by lack of DNA even 
though the jet was iusctioning aoistaliy. However, siaee spots 9ilci, 9flc3 
and 9ricS do not exhibit any size enoT md they formed &om the ^nae 
polynucleotide solution dispersed froin an adjacent pulse jel, it can Mdf be 

2S assumed thai the error was not in that solution but in the single puls€ 

respoissible far fonniag spots 9rIcJ, 9rlc3 and 9rlc5. Turning to spot pairs 
9r7cl/9r8cl, 9r7c3/9r8c3, and 9r7c5/9r8cS, all of these spots have m area ra®r. 
As already mentioned, this could be causd fay error is the cDNA solutloss or in 
the lesposslble pulse jets. Howow, the likelihood oftwoadjaosnt puke jeis 

30 £siiisg Is piQht&iy sUg^t, such that the mosA likely e&ms of tfagse spot siroxs b 
probably m emt 'm the same cDNA solutioDS, Hie most likely &mss ©f aay of 
the spot enois detemuned fiom the f^egoing evaluaiioss. can be reported on 
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display 3 10 or speaker 3 i 4 as potential etsors resultmg &om those mmss (for 
smmpls, a potential polysuefeodde contaking fluid mor, or potgntiaJ pulse jet 
error), whether or not Bay oae or more errors Is tcmtei as second level en©r. 
Referring now to FIGS. 10-13 these illtistiate tlsat a feilure in a 

5 polynucleotsdc solution (specifically a cDNA solution) caa show up as a 

significantly reduced spot am, otfeer factors resnalfdng the same. Is particuJarj to 
obtain the sohitions used b FIO. 10, m "SSC buffer solutioa can be made by 
dissolving 1153 g of NaCl «nd 3S.2 g of sodium citrate in SOOinl of water. The 
pH is adjusted to 7,0 with » sf e tON MaOH ^lution. The volume is 

1 0 then adjusted to I liter with water, and the resulting solution diluted with water to 
1/20 the concentration. For the solutions used to foim the ^ts in rows 1-7, a 
cDNA concentration was provided in SSC buffer of 0.2S^g/fJ. Each of lows 1 -7, 
and 1 0 contained respective different cDNAs. In the case of rows 8 and 9 the 
same SSC buffer solution was used without the aiddition of any DNA. The same 

1 5 volume of solution was deposited onto a glass substrate such that a circular spot 
size of about 70^m in diameter was obtained fox all spots containing cONA. On 
the other hand, the drops in rows 8 and 9 not containing any DNA are sigiuficantly 
smaller in area. Similarly, in all of FIGS. 1 1 -13 the same DNA was used in SSC 
solution but at difTerent concentrations. In particular, in FIG. I l. each odd rows 

20 (such as r7) used a cDNA at req;>ective concentrations of 0.2Sfig^|il while odd 
rows (such as r7) used a concentration of 0.02S^g/ftl. Similarly, in FIG. 12 even 
rows (such as r6) used a DNA concentration of 0.2S)ig/pl while odd rows (such as 
i5) used a DNA concentration of 0.001 iig^til. In FIG. 13 even rows (such as r4) 
tised a DNA concnetiation of 0.00S{ig/|il while odd rows (such as rS) used a DNA 

23 concnetration of pg/fil. Note that at the same concentrations, spot sise for 
different cDNAs does not vaiy significantly. Also, ^le a single order of 
magnitude change in concentration does not reliably decrease spot area, as seen in 
FIG. 1 0 much larger drops in concentration do result in significantly decreased 
j^t size. Thus, significant enors in cDNA concentration (such as when no cDNA 

30 is present due to operator eiror or anqiliilcation reaction fiulure) can be detected in 
the foregoing salt solution. 



FIG. 14 sliiis^at^ dried on m muy prepared In the same 
m&msT m those of FIGS. 10-13, The firet four spots or tte left of the fiist mm 
were prepami usiag a first DNA at a concoitotioa of D,12S|ig/p! m SSC. The 
hst four spots on the ti^t of llie first row wcse prepared In the same maaser as 

S ihe fest four bat with 00 DNA {t!^ is. with SSC soiutioaoaly). lliefiisllbur 
spots on the left side ©f the secoad tow isacd the fost DNA al a coEceatrasiou of 
©,50jig/|Al and with the SSC salts omitted. Hie iast four spots ob the right of the 
secoisd f ow «i3ed a second DNA at a conce»tiation of 0. 1 25|i£/fiL As is appsreat 
ftom FIO. 14, the presence of &s salts m the dried spots cossideiafeiy ealianced 

10 the visibility of Ac DNA. 

In some cases, pioce^r 140 may sot ooly be able to evalu^ the 
souice of aa error, but may also be able to compensate for the errors. For 
example, in the case of a Ukelypalse jet malfiinction, processor 140 caa alter die 
initial drop dispensing pattern to form a new dispensing pattern in wAiich use of a 

15. suspect pulse jet is avoided. This new dispensing pattern is then stored in memory 
141 by processor 140 to become a new iiutial dispenaag pattern, yMch 'u 
followed by processor 140 in subsequent drop dispensing for arrays of the same 
target pattem until a fiirther error patton radicates another potential source of 
error (in which case the drop dispensiiigjMttem can again be altered). Depending 

20 upon Oie amy being fonned and the dispensing head pulse jet configuration, a 
new dispensing i»ttein may require one or more additional passed of the head over 
the substrate than did the initial pattem. 

When a remote customer receives a package such as package 340, 
the received section 15 may be exposed to a sample (which may be labeled) io a 

25 known manner under appropriate conditions (such as hybridizing cmdiUons). The 
resulting observed binding pattern may be determined by a reader 1 62. Reader 
1 62 may, for example, be able to detect the fluorescence of a label in a known 
manner. It vdll be appreciated though, that if a first fluorescent compound is used 
in the polynttcteotide coDtaix^ fluid during depositioiw such tint 

30 processor 1 40 can identify the actual spot pattem based upon first compound 
fiuoreseence, ai^ fluoreseent'hrix;! should have a different spectral emission tliaa 
the first fluotesceot compoimd (and pcefessbiy they do not overlap to any 
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subs^tial exient) to avoid te&i^ 162 detecdog Guofeseeoee of ihe Srst 
Momomt eompoimd rather than the i^e!. In this ckcumstans^e, mdss 162 
should of esufse have a detsctsr which cm specifically detect the fluereseense ©f 
theUbcl. 

5 A reader f 60 is cipable of reading either ih& ideadflsaHoss oa 

poTtaWe stemge medium 324 or the identification on paper 3S4. Is the case wte« 
tfee idestificatios on paper 3S4 is in hmnm readable chmctm, i®ad®f 1 60 ©ay 
simply be aa opemtor bput device. When the IdsotiScstiGa read by reader 160 
contains the acusal error tEvlii^-atiou d?tu» in the form of the error map, reader 1 62 

10 may use this data to either modify its isiitiaJ detcrmiiiatloii of the observed binding 
patteni, or to alter the resulls of the dcterminalion based or the revived error 
indications of the error pattern For cKample, where the error indicatioa is that a 
spot 16 is defective and shotild not be used, reader 162 may modiiy its initial 
determination of the observed binding pattern by skipping any detennination of 

IS fluorescence from that spot. Alternatively, as mentioned above the tdeatification 
read by reader 160 may be a unique arbitriuy identification generated by processor 
140 and stored in memoiy 141 in association with the actual enor map. as 
mentioned above. In this case, the error map may be retneved ifrom remote 
moQory 141 by a communication module 164 acting m conjuoction with a 

20 communication module 1 44 and pn>cessor 140 through a communication channel 
(such as a network, including the internet). In this configumtloa processor 140 
acts as a remote server. Once retrieved, the error map can be utilized by reader 
162 to control mitial reading of a section IS or to correct the read data, as already 
mentioned. 

25 Modifications in the particular embodiments described above are, 

of course, possible. For example, >^ere a pattern of arrays is desired, any of a 
variety of geometries may be constructed other than the oigaoized rows and 
columns of arnys 12 of FIG. 1. For example, anays 12 can be anaoged ia a series 
of curvilinear rows across th^ substrate surface (for example, a series of concentric 

30 circles or semi-circlcs of spots), and the like. Sindlariy, the pattern of dried spots 
16 vaay be varied .&om the Ofgaoized rows and columns of spots in FIO. 2 to 
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include, for ^cample, a series of cumiinear rows across the substrate stu&ceCfor 
example, a series of coneeatric ckcles seou-circles of ^ts), and the tike. 

Refeiring So FIG. I S the apparatus diowa is amilar to most of the 
apparatus of FIG. 4, and corr^pondisg parts have been numbered the same. The 
apparatus of FIG. 15 may b&vs & loadiag sis^on also, but ibis is not shown for 
sunplidty. Hiis apparatus also includes a sensor ia the form of srtother sameia 
304, as well as pontion encoders 31 and 34. Pins or similar means (sot shown) 
can be pro^dded on substrate station 20 by which to approximately align substrate 
. ,14 to a noiijjiial positltm thfceon. Sub^trg^ station 20 can inciude a vacuum 
chuck coimected to a suitable vacuum source (not shown) to retain a substrate 1 4 
without exerting too much pressure theieon, since substrate 14 is ofien made of 
glass. Encoder 3 1 communicates with processor 140 to provide data on the exact 
location of substrate station 20 (and hence substrate 1 4 if positioned correctly on 
substrate station 20), while encoder 34 provides data on the exact location of 
holder 208 (and hence head 210 if positioned correctly on holder 208). Any 
suitable encoders, such as an optical encoder, may be used wliich provides data on 
linear position. In tite apparatus of FIG. IS, angular positioning of substrate 
station 20 is provided by a transporter 120, which can rotate substrate station 20 
about axis 202 under control of processor 140. Typically, substrate station 20 
(and hence a mounted substrate) is rotated by transporter 120 under control of 
processor 140 in response to an observed angular position of substrate 14 as 
determined by jxrocessor 140 duough viewing one or more fiducial marks on 
substrate 14 (particulariy fiducial marks 18) with camera 300. This rotation will 
continue until sub^te 14 has reached a piedetermmed angular lelatiotssyp with 
respect to dispensing head 210. In the case of a square or rect^gular substrste, 
the mowAed substrate ! 4 will typically be rotated to align one edge 0engdt .or 
width) with the scan direction of head 2 1 0 along axis 204. 

Caisers 304 Is located to view fiducial msridags m hesd 210 ajsd/or the 
pesitiom of the Bssle$ on head 210. Typical fiducial msrkiisgs are shows as 
fiduckl markbgs 211 on the side of head 210 for visibility, although m practice 
fiducial iBMks viewed by camera 304 say be OS the mdmids of head 210. A 
■ sensor In the form ofSie camera 303, can also obssve die posiiiois of fidudai 



maddags i I on substrate (as well the positioas of dqsosited spots, ss discussed 
above). Csmeras 300 and 304 coramuaicate wth processor 140, md ^ch should 
have a resolulioa feat provides a pixel size of about I to 100 mieromrtm md 
more typically about 4 to 20 micTOntetm or even I to 5 siicfometera. Any 

5 suitable analog ©r digifaJ image capture device {iacludieg & line by line scasaer) 
ears be ussi for such caniera. althou^ if an analog camem is used processor 140 
should iacbde a suitabic enaJog/digital cofivertet. Further, other Bumb«ts of 
cameras may be used. For exampk, a single camoa with ttie conect orientatioQ 
jffid pgmmm^ mxM be used in place of eaiseias 300 and 304. 

10 As mentiojied above, processor 140 asay include a geoeral puipose digital 

mierojjroeessoc suitably programmed from a computer readable medium cafiying 
necessary progmn code, to execute ail of &e fucntioJts required of st as described 
beiow. U will be appreciated thotJgh, that when any "processor" such as processor 
140 is refcfieiiccd throughout this application, that such includes any hardware 

1 5 and^or software combination which wiJ I perfonn the retjmred fisactions. For 
example, for errors io the transport system, a corrected drive pattern caa be 
produced by programming a device such as the Programmable Esiw Correction 
PKE 80, available form RSF Electronik, Ranch© Cordova, CA, USA, with 
measured en^r data obtained Irom examining the tramport system of the 

20 deposition apparatus apparatus. A microprocessor which provides the target drive 
pattern, together with the foregoiag progianiined device, then operates as a 
"processor" of the present invention. The programming can be provided remotely 
to processor 140, or pre^ousiy saved in a computer program product such as 
memory 141 or some other portable or fixed computer readable storage medium 

2S u»ng any of those devices mentioned below in connection with m«nory 141. For 
example, a magnetic or optical disk 324a may carry the programming, and can be 
read by disk reader 326. 

Operation of the apparatus of FIG. IS in accordance with a method of the 
present kvention, will now be described with lefeivoce to tibt FIG, and FIG. 16. 

30 First, it will be assumed that memoiy 141 holds a target drive pattern. This target 
drive pattern is the bstnictions for driving the apparatus comptmeats as required 
to ibim the target array (which inciudst^et locations and dimoision for each ■ 
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spot) oa substrate 14 aad includes, for ocempJe, movement commands to 
tmrisporters 60 mkI 100 as weii as Sringjconnaaads for each of the pulse jets m 
head 210 c<M>rdlnatal with the movement of head 210 and substrate 14, as well as 
instructions for which polynucleotide solution (or precursor) is to be loaded in 

5 each pulsejetCtmt is, the "loading pattmi"). Thfa target drive pattern is based 
upon the target ajiay pattern and can have either been input fism aa ^propriate 
source (such as input device 312, a portable msgnetlG or optical mediim, or from 
& resBoie server, any of which coEam^jmcate with processor 140). or may have 
beea d«lc»Tni?»''d(402) by proc^iso*- fes^.'id upon an iiiput isaget array jssftem 

to (ttsiisg my oflhs appropriate sotaces previously mentjonfid) ^aod the previously 
known sKtminal operating parameters of the apparahis (400), Ftxsthar, tt wiii be 
as^imcd that drops of diSerentJ^ssOToiner or biopolymer coji!mrtiag fluids (or 
other fluids) have been placed at respective regions ofa loading station (not 
shown). Operation of the foHowiag sequeices are connolled by processor 140, 

1 s following initial operator activation, unless a contrary indication appears. 

For any given substrate 14, the operation is basically follows: (i) 
detemlne (402) tsxgei dnve p»Wm 0f not already provided) to obtain target array 
pattern, based on n oiaiaaj op eratiog^aroeteis and ta rget poJyw KilgoUfte anav 
pattern; (ii) examine (406) opcrstisg parameter data (404) from sensors 300, 304 

20 fiw an error firam a norninal value, which error wiU result in use of the target drive 
pattern producing a discrepancy between tiie target array pattern and an actual 
array pattern which would be deposited if the target dnve psttem was used; (tii) if 
there is no error in oi>e or more operating parameters (406) ^eo the apparatus is 
operated according to the target drive pattern; (iv) if there is an error in one or 

25 more operating parameters (406) then processor 140 derives, based on the error, a 
conected drive pattern fiam the taiget pattern such that use of the corrected drive 
pattmi results m a reduced (UscKpaney betweeii the target and actual anay 
patterns than would have occurred if the target drive pattern bad been tised. 

It will be afipreciated that any discreiMscy between, a nomin^ 

30 paiwneter and an actual iscnsedpai8meb»,ixiayopdoBaUy only 1^ 

"error'' in an operating parameter, if it meets or exceeds a predetermined threshold 
value. Particulerocamplsofqseistlag parameter enotswUdt may oocur in the 
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appaistus of FIG. IS include any one or more of the following: 

1 . Subslxate 1 4 may be inconectly positioned with respect to encoder 3 1 or 
encoder 34. 

2. Head 210 may be iocorrectiy posifloned with respect to encoder 34 or. 

5 vfben there are roidtiple heads 23 0 in the apparatus, one or more of them may be 
incorrectly positioned with respect to each other. 

3. Head 210 may be ^ewed (orientation error), and thus its nozzles vary 
from their desired positiom and/or orientations mth respect to encoder 34. 

A. Either.encoder.3 1 , 34 mey havipjbtnaac errors, due to which it will report 
to an incorrect position. 

5. Either substrate 14 or either encoder31, 34 may suffer from thennal 
expansion. 

6. The transporter 60 and carriage 62 used to move the substrate in the 
direction of nominal axis 63 (orthogonal to the direction 204of scanning of head 

IS 210) may abo have intrinsic errors, suffer from thennal expansion, or operate at a 
deviation to noinina] axis 63 (a non-straight deviation in the direction of axis 204 
and/or a non-flat deviation in the direction of axis 202). In addition, component 
imperfections may cause the transport to suffer from Abbe errors. 

7. The noz2les of head 210 may fire at an angle to that intended. The 
20 above operating parameter errors can be sensed and used by processor 140 to 

derive an actual drive map as follows: 

1 . The actual position of substrate 14 can be determined by observation of 
fiducial marks 1 8 by camera 300. If different substrates are repeatedly placed on 
substrate station 20, this error can be determined each time it is placed. 

25 2. The position of head 2 10 can be determined by observation of fiducial 
unarks 2 1 1 and/or the nozzles themselves by camera 304. In a preferred 
embodiment, the same camera is used for this observation and observation of 
substrate fiducials 1 8, this scheme having the advantage that no inter-camera 
calibration is required. 

30 3. Same as in 2. 

4. Laser-saterfen>meter mapping of the enrors in the encoders is a me&od 
well established in the art, and will provide a measurement of the relative error at 
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iaaoy points ^ong the encoder. 

5. Thennal expansion caa be messed by sepeatedobservatioa of subslzate 
fiducial maiks 18 by camera 300, and by r^^ted observation of bead fiducial 
marics 21 1 after movement by camera 304 or optionally by two cameras. 
Altemativefy, a thennistor could be used and an expected thennal expansion 
calculated. 

6. Errors in operation oftraasporter 60 and carriage 62 can be mapped by 
means of camera 300, and thennal expaasbs mapped by observation of fiducial 
marks on caniaj^e 62 by a camera (or optionally two cameras). Non-stru^itness 
and or flatness can be determined by laser interferometry. Laser mterferometiy 
mapping of Abbe errors in a transport ^stem generally, is a known technique. 

7. Test-fxtnt patterns can be observed with a camera (such as camen 300) to 
observe drop {rfacement. Suitable methods of observation of dried or liquid 
droplets are described above. 

The apparatus is then operated (410) as follows: (a) load head 210 with a 
first set of polynucleotide containing solutions or ^eir precuisors (for example, a 
given head may be able to hold n different members); (b) dis^taass diopkts &om 
head 210 onto substrate 14 or a set of siid^s^a|^i^^acccffd^^ 
corrected drive patterns to provide the target array pattern for (he first set on each 
of multiple arrays 12; arxl (c) repeat the foregoing seq^^nee startii^ at step (i) 
with a second set and subsequent sets of polynucleotide contain]^ solutiOQS <^ 
their precursors, until all reqmred solutions have been dispensed onto substrate 14 
(for example, if each anay has m'/i members, and presynthesized polynucleotidea 
are bdng dispensed, then the sequence will be repeated m times). Optionally, as 
another means of providing operating parameter data, the deposited aixays can be 
inspected by capturing one or more images such ss from camera 30Q snd 
comparmg the d^osited army patt^ with Uie largst amy pattern. DiSer^ces in 
the foregoing may indicate paiticular types of errors (for exampie, & single nossslc 
of head 21 0 is oriented iaeoirortiy with respect to other nosics Of head 210), For 
emnpk, an inspec^on could be perfoxmed on after step (b) in esch cycle. 
Preferably, aliairays on a given substrate 14 have k«a bisected before shipping 
to an end user. The foregoing steps aze discussed in more detail below. 
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The manner of conectioa provided by processor i40 can be more . 
readily undcistood by reference to FIGS. 17 through !9. ia particsdar, FIG. 17 
represents an Image in sueaiory 141 of a portion of the target drive pattern. It will 
be assumed that this pattern is created fey a disfscnsing head with a three by two 

5 matrix of disp^ieg jeis (orisiisd with thie« jets ia the vertical directioD of FIGS. 
\7-l9 md two in the horizontal direction), thus requiring a firing of all jets, 
foliowsd by head dispiaceinent and aaother fsring of all jets. Hence FIG. 17 
conesponds to the appeaancs of the target may pattern if all reiervant components 
of the deposition ajsparatus arc opmiifig aEcording to Iheir ncsmai parameters 

10 ("operating" in Ms context inchides correct positioning, whether static or 
dynamic). However, from observations of previous test prints by camera 300, 
processor 140 determines there is an error in relative orientation of the nozzle of 
head 210 which produce spots 16a. Similarly, m enor is detennin^ infimd 
volumes deposited by the no2zle of head 210 wy ch prcdtices spots 1 6b. 

15 Processor 1 40 then derives a corrected drive pattern, the image in laemoiy of the 
corrected drive pattern being illustrated in FIG. 17. This corrected drive pattern 
incorporates an inverse of the determined errors. That is, in order to correct for 
displacement (in the upward direction as viewed in FIG. 18) of spots 16a. the 
actual drive image will contain an instruction to move the head lower (as viewed 

20 in FIG. 1 9) than the nominal position of FIG. 17 to compensate for the 
displacement in FIG. 18. Similariy, to coireo^c^^^low e^^^ 
is, the nominal volume) produced by the jets producing featm^ 16b, the actual 
drive image wall contain an instniction for that jet to fire multiple spots or with, 
more energy (this appearing as. enlarged features 16b in FIG. 19) to compensate 

25 for the low volume error. Alternatively, the actual drive image can be an 

instruction to switch to a different jet in the head when a deviation from nominal 
volume is encountered which may be more than a predetermined tolerance, and to 
compensate for the different position of the diCTerent jet accotdb^y. While the 
illustrated enots in FIG. 1 8 relate to individual spots, other errors can be geoml 

30 in that they relate to Blispob. For example, an error in the position of substrate 14 
on substrate statioa 20 is a genetai esior, and the conected drive pattern could be 
the same as the target drive pattern but vnth the addition ef a set of oH&dt 
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ixtstmctiom to the positioniag system, such as a sbgle instruction to oas or any 
combmation of tramporters 60, 100, 120, to o£&et the position ^stera from 
nonunal to ssmpse^c for this error. 

Substrate 14 is loaded onto substrate station 20 d&er maaually by m 
5 operator, or optionally by a suitable automated driver (not shows) coistrolied. for 
example, by processor 140. 

The dqposition sequence is then ioidated to deposit the desired anayie of 
polynucleotide coQtaimag fluid dr^lets on the substrate to provide dried drops on 
the substmtB accordttig to the target i^ttmt each with respective feature locations 
10 and dimensions, in the manser described above. M aire^y motioned, in this 
case processor 1 40 will operate the apparatus according to the target or coirected 
drive pattern. 

At this point the droplet dispensing sequence is complete. 

In an ahemativc to the above described embodiment the conected 

15 drive pattern, instead of being derived prior to beginning deposition of droplets, 
may be created "on the fl/*. In one way of accomplishing this, the corrected drive 
pattern is created by modifying, based on the detected error, instructions to at least 
one deposition apparatus component which were based on die target drive pattern. 
This is done during the deposition of the probes or probe precursors. For example, 

20 the encodos 34 may be of a type vAddi ^ply sends a pulse to the head at a 
certain spatial frequency: on each such pulse, the image file instructs the drive 
electronics wdiich nozzles should be ftred. Instead of deriving a conected drive 
patteni in memoiy 141 so that die encoder pulses will cause accurate printing, the 
encoder signals may be processed by processor 140 to cause a non^distoited image 

2S to print accurately. 

It is preferable in an apparatus, method, or computer program of 
the present invention, to not actually derive a target drive pattern from a target 
array pattern, but instead to simply derive a conected drive pattern from the target 
pattern, nominal conditions and detected error, when an enor is detected. This can 

30 be done before &brication of a given anay has started at least when the enot is 
detected before such fabrication has started (for example, aa a result of exanuaiog 
an opemdng parameter ^ exsminiag a {anviously fitbricated anayX ^ during 
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such fsbri(»do!L Agaio, the target drive pattern may be saved in memoiy or just 
dsrived during &it actiml may fabiicatioa and seat as instructions directly to the 
apparatus components. 

He present methods md apparatus may be used to dqjosit 

5 biopolymejs or other moiesies oa midsse$ of my of a vaxiaty of different 

substrates, includiag both flexible and rigid siibstrBt^. PisfermI matsriys jmvide 
physical support for the deposited msleria! and mdmt the eondttioas of the 
deposition process and of any suisequeat treatment or handling or processing that 
may be encoimlmd in the «se of the particular array. The array ^bstraic may 

to take any of a variety of configuratloas ^ging from simple to comploc. Thus, tht 
substrate could have generally planar form, as for example a slide or plate 
cotifigtn^oa, such as a rectangislar or square or disc. In many crsbodimcnts, the 
substrate will be shaped generally as a rect^gular solid» having a Smgth in the 
range about 4 nun to 200 nun, usually about 4 mm to 1 SO mm, more usually about 

IS 4minto 125 mm; a width in the range about 4 mm to 200 mm, usually about 4 
nun to 120 mm and more usually about 4 mm to 80 ram; and a thickness in the 
range about 0.01 nun to S.0 mm, usually Som about 0.1 nun to2 mm and more 
usually from about 0.2 to I mm. The coflifiguration of the anay may be selected 
according to manufacturing, handiiag, &nd use coosideiations. 

20 The substrates may be fabricated from any ofa variety of nuteiials. 

In certain embodiments, such as for example where production of binding pair 
arrays for use in research and related applications is desired, the luderials from 
which the substrate may be fabricated should ideally exhibit a low level of non- 
specific binding during hybridization events. In many situations, it will also be 

23 preferable to employ a material that is transparent to visible and/or UV light For 
flexible substrates, materials of interest include: nylon, both modified and 
unmodified, utroceltutose, polypropylene, and the like, where a nylon membiane, 
as well as derivatives thereof, may be particularly usefid in this embodiment For 
rigid substrates, specific materials of interest include: glass; plastics (for example. 

30 polytetrafluoioethylene, polypropylene polys^ae, polycarbonate, and blends 
thereof, and the like); me^s (for example, gold, platinum, and the like). 
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Ths substrate suffice onto vMch the polyaudeotide sompo^om 
ot other moieti^ h deposited may be smooth or substantially planar, or have 
imgularitic^ such as dqnessioiis or devations. Hie sui&ce may be modified with 
one or more different layers of compounds that serve to modify the propeilies of 
the suriace in a desirable manner. Such modification layers, when present, will 
generally lan^ in thickness from a monomolecular thickness to about 1 nun, 
usually from a monomolecular thickness to about 0.1 nun and more usually fiom a 
monomolecular diickness to about 0.001 mm.. Modificatioa layers of interest 
include: inorganic and organic lityeis such as metals, metal oxides, polyineps, 
small organic molecules and the like. Poiymetic layers of interest include layen 
of: pq)tides, proteins, polycucleic acids or mimetics thereof (for example, peptide 
nucleic acids and the like); polysaochatides, phospholipids, polyurethanes, 
polyesters, polycaifacnales. polyureas, polyamides. polyethyleneamines. 
polyarylene sulfides, polysitoxanes. polyimides. polyacetates, and the like, where 
the polymers may be hetero» or homopolymeric, and may or may not have 
separate functional moieties attached thereto (for example, conjugated). 

Various modifications to the embodiments of the particular 
embodiments described above are, of course, possible. Accordingly, the present 
invention is not limited to the particular embodiments described in detail above. 
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1 . A method of ftbrieatiog an anay of polynucleotides on a substrate, 
comprising: 

(a) operatiDg a polynucleotide deposition system to deposit an array of 
polynucleotide containing fluid droplets on the substrate to provide, when diy, a 
taiget pattern of polynucleotide containing spots; 

(b) allowing a sufficient time to pass such that droplets d^sited by the 
system will have dried to yield an actual pattern of dried spots; and 

(c) olnerving the actual pattern; and 

(d) compariyng the actual pattern with the taiget pattern of polynucleotide 
containing spots. 

2. A method according to claim 1 wherein the actual pattern is observed by 
capturing an image of the actual pattern. 

3. A method according to claim 1 wherein the system deposits fluid droplets 
at least some of which contain respective different polynucleotides. 

4. A method according to claim 1 whernn the one or more polynucleotide 
containing fluids each comprise a solution of a polynucleotide and a sufficient 
amount of salt to enhance polynucleotide imagiDg. 

5. A method according to claim 1 wherein the comparison includes a 
coiaparisoa of dried actual spot locations or dimensions with target locations or 

dimensions. 

6. A m^od according to claim 1 wherein the image capture comprises 
imaging a light scattering characteristic of dried spots. 
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7. A method according to claim 1 wher«ia th« image capture comprises 
imaging a fluorescence characteristic of dried spots. 



g. A metbod accotding to claim 1 addtttooaUy comprising genaating a signal 
indicative of the result of the comparison. 

9. A method according to claim 1 additionally cooMprisiag: 

when the results of one or moie comparisons for an array exceed a 
predetermined tolerance, storing an error indication in association with that amy. 

.10. A method according to claim 9 M^ereintbe deposition system is operated 
to fabricate multiple polynucleotide arrays, the method additionally compriang 
r^ecdng the array associated with * stored error indicationor correcting a cause of 
the enor. 

11. A method according to claim 9.wherein the error indication is stored in a 
memory, the mediod additionally comprising writing on a medium an 
identification for the array associated with an error indication; physically 
associating that medium with the dimy; and storing the identification in the 
memory. 

12. A method according to claim 1 1 wherein the error indication includes an 
indication of the magnitude of the error. 

13. A method of fibricating an anay of polynucleotides on a substrate. 

comprising: 

(a) operating s polyaudeotide deposition ^stenj to deposit an array of 
polynucleotide contelaing fluid &opIets on the substrate to provide a target pattem 
of polysnoieotide containing spots which may differ fit)m the actual pattem 
ds|K>sited; 
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(b) captwing m issage of the actual pattern; 

(d) conspwag the actual pattern with the target pattern of polynucleotide 
containing spots; 

(e) when the msnlts of one or laorc eootparisoos for an amy exceed a 
predetennined tolerance, generating an error indication associated with the array: 

(f) writing the enor mdication or an identification of the error indication, on a 
medium; physicaiiy associating the medium with the array; and, v/bm an 
identification of the emr indication is wrinen on the medium, storing the 
identification in the memory in association with the error mdication. 

14. . Amethodofidentifyinganenorinanairayofpolynucleotidesona 
substrate, which array is associated with a medium canying an identification of an 
error indication, the method comprising communicating the identification to a 
remote server on which is stored the identification and the error incfication, 
receiving in response the error indication from the remote server, exposing the 
array to a biological sample, deteimining an observed binding pattern of the 
exposed array, and modifying the determination or altering the results of the 
determination based on the received error indication. 

15. A method of&bricating an array of polynucleotides on a substrate, 
comprising: 

(a) operating a polynucleotide deposition system to deposit an array of 
polynucleotide containing fluid droplets on the substrate to provide a target pattern 
of polynucleotide contiuning spots; 

(b) observing the actual pattern of dqwsited spots; and 

(d) comparing the actual partem with the target pattern of polynucleotide 
containing spots; 

^ereiii the polynucleotide dqjwsition system includes a fluid dispensing 
bead with multiple drop dispensers, the method additionaliy comprising: 
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when the results of one or moie comparisons for an array exceed a 
piedetenniaed tolerance, genemting an enor indkaUon. 

16. A method according to claim 15 wherein: 

when multiple enor condidons are generated, evaluating if a same drop 
di^ienser is responsible; 

and v^erein, when the evaluation indicates the same drop dispenser is 
responsible, generating a visible or audible operator alert viiicb includes an 
indication of the responsible drop dispenser. 

17. A method accoiding to claim 1 6 wherein the indication of the lesponsibie 
drop dispenser conq>iises an indication of potential error in a polynucleotide 
containing fluid which has been pieselected.to be dispensed hy that drop 
dispensiet. 

1 8. A method according to claim IS wherein the polynucleotide deposition 
system includes a fluid dispensii% head with multiple drop dispensers and a 
control processor, the method addillosally coniprising: 

the control processor loading the dispenseis Is & pattern in which at least 

some of the dispensers are loaded with the same Suid; and 

■wfcen multiple enar indications are geaeiated, the control processor 
comparing a pattern of esror iadicaiions v/iih the ioadiitg panem of the dispensers 
to evslmts whether one or more drop dispensers or as error in a polynucleotide 
containing fluid is responsibie for fee error indications. 

1 9. A method according to claim 1 5 wherein the polynucleodde depositios 
system includes a fluid dispenssg head with multiple drop dispemers, ssd %sb 
array is to be depoated mlng m initial pattern of drop dispessisg &oiq the 
multiple dispeoseis, the method additionally comprising: 



whsn Biultiple snot indi^iions aie generated, evaiuallsg if & sasse drop 
dispenser may be rgsponsibie; And 

when Ihe evaluation indicates the same drop dlspeaser may be rapoaslbf e, 
altering the initial pattern such that the same drop dispenser is not used. 

20. An apparatus for £d>ricaling an anayofpolynucleotides on a substrate, 

comprismg: 

(a) a polynucleotide deposition system to deposit m amy of polynucleotide 
eontalning fltisd droplets on the sisbsttiBte to provide, when dxy, a target pattern of 
polynucleotide contiu&ing spots; j 

(c) m imagtag system to. capture an Image of m actual pattern of dried spots 
resulting from drying of droplets deposited on the substrate; 

(d) a processor to control the deposition system to deposit the anay of droplets 
and which, after a predetermined time has dapsed for drying of the droplets to 
yield the actual pattern, causes the imaging system to capture the actual pattern 
and compares actual pattern with the target pattern of polynucleotide Goniaining 
spots. 

21 . An apparatus according to claim 20 wherein the deposition system 
deposits droplets of no greater than 1000 pL. 

22. An apparatus according to claim 20 therein the depoation system 
includes a head having multiple pulse jets each of wdiich can dispense droplets of a 
fluid onto a substrate, each jet including a chamber with an orifice, and including 
an ejector which, when activated, causes a droplet to be ejected from the oiifiee. 

23. As apparatus according to claim 20 wherein the processor automatically: 
operates the deposition system to deposit multiple polynucleotide arrays; causes 
the imaging system to capture one or more of the images; and perfbnos the 
comparisoa step for such arrays. 
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24. Ajs apparatus accorfing to claim 20 additionally comprising a memoiy, 
asd wJiereia when the resulss of one ca- siore comparisoas for aa anay exceed a 
predetermiaed toleiaacc, the processor stores ia Jhs memory an error indication in 
sssociatiosi with m idesiti^cafion of tha! may. 

25. A»appas9ftusa£<x>niiBg to clstia 24 w^mia the mor indict 
an indication of the magnitude of the eiror. ' 

26. An apparatus aecofdiiSig to 20 wherein the polynucleotide deposition 
system includes a fluid dispensiag head with cnuitipk drop dispeosetai, and 
wherein (he processon 

generates ah enor indication when the results of one or more comparisons 
for an array exceed a predetermined tolerance; and 

when multiple error conditions are generated, evaluates if a same drop 
dispenser may be responsible 

27. An apparatus according to claim 26 additionally conqirising a memory, 
and wherein the processor 

activates the drop dispensers in accordance with an initial pattern stored in 
the memory; and . 

evaluates if a same drop diqjenser or an error in a polynucleotide 
containing fluid may be responsible by comparing the stored dispensing pattem 
with a pstteri! of error iodisations. 

28. An apparatus for fabricating an airay of polynucleotides an a substrate, 
comprising: 

(s) a polynucleotide deposition system to deposit an array of polynucleotide 
containing fluid droplets oa the substrate to provide a target pattern of 
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polynucleotide containing spots which may differ bom the actual pattern 
deposited; 

(c) an imaging system to captuie an image ofthe actual pattern of qwts; 

(d) a processor to control the deposition system to deposit the amy of droplets 
and vAich causes the imaging system to capture the actual pattem and compares 
the actual pattern with the target pattern of polynucleotide containing qwts; 

wherein: 

the depoation ^stem includes a head retainer to receive a fluid dispensing 
head, and includes a transporter to move the head retainer relative to the substrate; 

the ima^g system includes a sensor mounted for movement by the 
transporter. 

29. Areethodof fabricating an addressable array of btopolymer probes on a 
substrate according to a target amy pattern using a deposition ^tparatus which, 
when operated according to a target drive pattern based on nominal operating 
parameters of the apparanis, provides the probes in features on the substrate in the 
target amy pattern, the method comprising: 

(a) examining at least one operating parameter for an error from a nominal 
value which error will result in use of the target drive pattern producing a 
discrepaiufy between the target amy pattern and an actual amy pattern dqiosited . 
which discrepancy varies for difTerent features on the substrate; 

(b) when an error is detected deriving, based on the enor, a comcted drive 
pattern difCerent from the target drive pattern such that use of the corrected drive 
pattern results in a reduced discrepancy between the target and actual amy 
patterns. 



30. A meth(K3 according to cbim 29 wherein the discrepancy is the size of 
features or reagents deposited to fonn the featuies. 



31. A method accordbg to ciaiia 2% sdditi&smSiy compming operatisig the 
depositioa apparatus accordiitg to the conected dirive pattern. 

32. . A metlu>d according to claim 29 additionally conq)rising saving the taiget 
drive pattern in a memory of Hie deposition ^>paratus, and viiierein the conected 
drive pattern is saved in the memoxy. 

33. A method accoiding to claim 29 wfaercsa: 

the depositioo apparatus includes a dispensing head to dispense fluid 
droplets containing the probes or probe precursors, a transport system to move 
at least one of the dispensfa^ head and subslnUe relative to the other as the 
droplets are dispensed fiom the head, so as to fonn the array; and 

the drive pattern controls operation of the transport system. 

34. A method according to claim 29 wherein: 

the deposition apparatus includes a dispensing head with multiple nozzles 
to dispense fluid droplets containing the probes or probe precursors, and a 
transport system to move at least one of the di^>en5ihg head and substrate relative 
to the other as the droplets are dispensed fiom the head, so as to form the amy^ 
the drive pattern controls operation of the transport system: 
the operating parameter is the dynamic poutiomng of Qie substrate, or the 
position of the dispensing head or nozzle, and is examined by viewing the 
substnsse, dispensing head, or nozzle, or a droplet pattern previously dispeased 
&om the head. 

35. A mctl»d according to claim 33 wherein the depositioa apparatus tetber 
includes a portion encoder to delect the position of the dispensing head or the 
substiste, and wherein the at least one parmeter is &e acctsacy of the encoder. 
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36. A method accoiding to claim .33 wherein the dispensintg head has multiple 
droplet dispensing nooles, and wherein the at least one parameter is a position of 
a nozzle. 

37. An apparatus for fabricating an addressable array of biopoijrmer probes on 
a substrate according to a target anay pattern which apparatus, when operated 
according to a target drive pattern based on nominal operating parameters of the 
apparatus, provides the probes on the substrate in the target array pattern, the 
apparatus comprising: 

(a) a sensor which senses at least one operating parameter for an error fiom a 
nominal value which error will result in use of the target drive pattern producing a 
discrepancy between the target array pattern and an actual anay pattern deposited, 
which discrepancy varies for different features on the substrate; 

(b) a processor which, when an enor is detected by the seasot derives, based 
on the error, a corrected drive pattern different from the target drive-pattern such 
that use of the corrected drive pattern results in a reduced discrepancy between the 
target and actual array patterns. 

38. An apparatus accoiding to chiim 37 additionally comprising: 

a dispensing head to dispense fluid droplets containtqg the probes or probe 
precursors, and a transport system to move at least one of the dispensing head and 
substrate relative to the other as the droplets are dispensed from the head, so as to 
form the array: 
and wherein: 

the drive pattdn controls operation of die transport system; 

the operating paismeter is the dynamic positioning of the substrate or 
dispensing hsad; and the sensor views the substrate or dispensing head to obtain 
its dyanamiq>ositioning. 



39. An apparatus accoidiog to claim 38 wdierein die sensor views a fiducial 
mark on the dispensing head or substrate 

40. An apparatus accordiisg to cisim 37 addldoisa] iy comprising: 

& dispsasmg liead with oiultiple aozzles to dispestse Suid droplets 
cootatBmg the probes or probe piecuisois, aiui a transport system to move at least 
one of the dlspoisiz^ head and substrate relative to the other as the droplets are 
dispensed fiom the head, so as to form the array; 
and wherein: 

the drive patton controb operation of the transport system; 

the operating parameter is the position of the dispensing head, or . 
orientation of a nozzle; and 

the sensor views the dispensing head, or nozzle, or a droplet pattern 
previously dispensed fiom the head. 

41. An apparatus according to claim 37 additionally comprising: 

a dispensing head to dispense fluid droplets containing the probes or probe 

precursors; and 

a traasport system to move at least oise of the di^nsing head and 
substrate relative to the other as the <feoplets are dispraised from the head, so as to 
form the anay; 

and wherein the processor coaSiois operation of the tnanspart system in 
accordance mth one of the drive patterns. 

42. An apparatus aecordiag to claim 41 vriberein the dispensing head has 
multiple droplet dispensing nozzles, and wherein the at least one parameter b a 
trajectory of a sozzie. 
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43. A method of fobricating an array of polynucleoUdes on a substrate substantially 

as ' 

hereinbefore described with reference to and as iUustrated in the accompanying 
drawings. 

44. ■ A method of identifying an error in an array of polynucleotides on a substrate 
substantially as hereinbefore described with refierenoe to and as illustrated in the 
accompanying drawings. 

45. A mediod of faibricating an addressable array of biopolymer probes on a 
substrate 

substantially hereinbefore described with reference to and as illustrated in the 

accompanyiRg drawings. 

46. Apparatus for fabricating an addressable array of biopolymer probes on a 
substrate substantially as hereinbefore described with refAvnce to and as illustrated in 
the accompanying drawings. 
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